Phytoplankton samples were collected in Acapulco Bay during 2011 (January-April and September) and 2012 (April-July, October, and November) with the objective of determining the abundance and species composition. Samples were collected in two stations located in the bay. A total of 82 species were identified: 42 dinoflagellates, 35 diatoms, three cyanobacteria, and two silicoflagellates. Dinoflagellates were more abundant in the dry season, while diatoms dominated during rainy season. At least seven dinoflagellate species were recorded as potentially toxic, which may increase their populations and turn into harmful algal blooms (HABs) if environmental conditions within the bay are modified. In April 2012 a HAB of the non-toxic species Neoceratium balechii was documented.
Introduction
Phytoplankton is one of the most complex communities in marine coastal environments. This community's structure is dictated by two important groups of organisms: i) non-motile, fast-growing diatoms; and ii) motile flagellates and dinoflagellates which can migrate vertically in the water column in response to light. All phytoplankton species are subject to water currents and have developed strategies for rapid nutrient absorption and fast reactions to fluctuations in hydrographic conditions [1] . Thus, phytoplankton distribution and species composi-tion are affected by several processes, including high water temperature, and variations in thermal stability and nutrient circulation. Changes can occur in the taxonomic composition of phytoplankton communities, the total cell abundance and species richness during annual seasonal cycles. These changes reflect the capacity of communities to respond to seasonal variations in light, nutrient and circulation patterns [2] . Santa Lucia Bay, also known as Acapulco Bay, is located on the tropical Pacific coast of southern Mexico, in Guerrero State. The bay has a semi-circular (6.3 km diameter), amphitheater-like shape created by low hills (<500 m) surrounding the south-facing bay. It is considered to be very climatologically protected [3] . Nevertheless the ecological importance of the bay, because it operates as nursery for many fish species, which feed inside the same, very few studies have been carried out on the phytoplankton communities and in particular on the variation in the species composition through time [3] [4] . The aim of the present study was to examine the temporal variation, in the species composition and abundance in the phytoplankton community of Acapulco Bay, during two years.
Materials and Methods
Phytoplankton samples were collected in Acapulco Bay between January-April and September 2011, and April-July, October, and November 2012. Two sampling stations were established within the study area: 1-Morro San Lorenzo (16˚51'N, 99˚53'W) and 2-Casa de Díaz Ordaz (16˚50'N, 99˚51'W). Water temperature (˚C), salinity (psu), dissolved oxygen (mg/L), and chlorophyll (µg/L) were measured in situ with an YSI probe. Nutrient (nitrates, ammonium and phosphates) concentrations were determined in each sampling following a standard colorimetric method (Hanna equip). Samples were taken using a plankton net of 31 cm diameter, 1.28 m length, and 150 µm mesh size. Phytoplankton samples were fixed in concentrated Lugol's solution and cell quantification was made using the Utermöhl chamber sedimentation concentration method. Phytoplankton species distribution was established based on a review of published records for Mexico and other countries, and each species was classified as: 1) estuarine; 2) neritic; 3) adiaphoric or 4) oceanic. The Olmstead-Tukey association test [5] was applied to classify the phytoplankton species based on parameters of occurrence frequency and mean abundance: (D) dominant (abundant and frequent); (C) common (low abundance but frequent); (O) occasional (abundant but low frequency); and (R) rare (low abundance and low frequency). Community parameters included total number of species, total number of cells, the Shannon-Wiener (H) diversity index, species evenness (J) and theBerger-Parker Index (BPI) as a measure of numerical dominance [6] [7] . Similarity in the species composition throughout the sampling period was established with a classification analysis considering abundance (number of cells), using the Bray-Curtis index and simple average-group method [8] . A principal component analysis (PCA) was made using monthly data that included: temperature, salinity, precipitation, phosphates, chlorophyll, oxygen, nitrates, nitrites, and abundance of dinoflagellates and diatoms.
Results
Mean temperature recorded at the sampled stations varied between 24.55˚C and 30.55˚C, during the period of January 2011 to November 2012 ( Table 1) . Salinity varied from 31.4 to 33.7 psu. Dissolved oxygen presented the lowest mean value in April 2012 (2 mg/L) and the highest in March and September 2012 (10 mg/L) ( Table  1) .
In regards of nutrients, the lowest average values for nitrites occurred in June 2011 (0.0) and the higher in March and September 2011 (0.03). Nitrates ranged from 0.0 to 0.6 mg/l, where the lowest average value was found in May 2012 (0.0) and the highest in March 2011 (0.45). Phosphates ranged from 0.0 to 2.75 mg/L, the lowest average value occurred in January 2011 (0.11) and the highest in September 2011 (1.43) ( Table 1) .
The lowest average value recorded for chlorophyll was found in November 2012 (1.2) and the highest in July 2011 (1.95). The highest values were recorded from November to December ( Table 1) .
Regarding the community analysis based on eigenvalues and saturation of variables, three components were extracted with 75% of the total explained variance (Table 2(a) ). The first component was catalogued as "Chlorophyll pattern", where an increase in phosphates and a decrease in chlorophyll and salinity is recorded as temperature increases; thus a great quantity of phosphates and nitrates were firstly observed and then an increase in chlorophyll, which coincides with a similar behavior of salinity.
The second component was catalogued as "diversity performance", where an increase in the phytoplanktonic diversity and nitrates occurs as high oxygen levels are found. The third component was catalogued as "rain effect", where an increase of precipitations was related to an increase in nitrites. According to the dinoflagellate population analysis, considering eigenvalues and saturation of variables, two components were extracted with a total explained variance of 58% (Table 2(b)). The first component was catalogued as "temperature effect", where an increase of phosphates and a decrease in the quantity of chlorophyll occur as temperature increases. The second component was catalogued as "oxygen effect" where an increase in such factor was related to an increase in precipitation, nitrates, and nitrites, and also to a decrease in both salinity and dinoflagellate population.
Concerning the population analysis for the diatom group, two components with a total explained variance of 58% (Table 2(c)) were extracted. The first component presented the same behavior as the aforementioned case. Both components presented a similar performance to the found in the dinoflagellate analysis, the only difference is that when oxygen and precipitation increase, the diatom population also increase.
The taxonomic composition analysis of the phytoplankton community indicated that a total of 82 species comprised the community within the bay: 42 dinoflagellates (Dinophyta), 32 diatoms (Bacillariophyta), three blue-green algae (Cyanobacteria), and two silicoflagellates (Heterokontophyta) ( Table 3) . Although the number of diatom species was relatively low, this group's total cell abundance represented the 51.7% of the total cells collected during the sampling period. The most important genus were Neoceratium (22 species), and Chaetoceros (8 species).
The discrimination of species groups indicated that dinoflagellates dominated numerically during March 2011 as well as in April, May, July, and November 2012; during April, the relative density of dinoflagellates was 100% given the occurrence of an algal bloom where the dominant species was Neoceratium balechii with 89.52% of relative abundance; while diatoms recorded an inversely proportional relationship to dinoflagellate abundance ( Table 3) . Nine species dominated the phytoplankton community numerically: five dinoflagellate species (Neoceratium balechii, N. tripos, N. deflexum, N. trichoceros, and N. furca) and four diatoms (Chaetoceros sp., Rhizosolenia hebetata, Chaetoceros affinis, and Ch. didymus) ( Table 3 and Table 4 ). These nine species represented 65.5% of the total of cells estimated for all of the samplings. The dinoflagellate Neoceratium furca was collected at all sampling months, Neoceratium balechii was dominant in April 2012 when the massive bloom of this species occurred, and Neoceratium tripos was dominant in May and July 2012. The diatoms Chaetoceros sp. and Rhizosolenia hebetata were also present in all of the months excepting April 2012, where diatoms were absent.
According to the classification of species based on its origin, more than 70% of diatoms and dinoflagellates were classified as adiaphoric species (species that occur in both neritic and oceanic zones), where the percentage of neritic and oceanic species was 16.5 and 9.8% for both groups respectively. The application of a graphic method of classification based on species frequency and abundance, indicated that 22.8% of the diatoms were classified as dominant (abundant and frequent), while 16.6% of dinoflagellates presented the same classification.
Species richness ranged from seven (April 2012) to 38 species (April 2011). The highest diversity values were reached in February and April 2011 (2.62 and 2.8 respectively) and the lowest in April 2012 (0.48 bits). The comparison of similarity in species composition between sampled months indicated that the similarity percentages were generally low, it was only during June and October 2011 that a percentage higher than 70% was recorded. This indicates that the structure of the phytoplankton community fluctuates widely in regards of time. Three groups were clearly observed, the first comprised the dry months of the sampling period (February, March, and April 2011) and September of that same year; the second group only includes April 2012 were an HAB of Neoceratium balechii was recorded; and the third group was found in the rest of the months of 2012 (Figure 1). 
Discussion

Species Composition
The dinoflagellate group (42 species) dominated in terms of species richness in the phytoplankton community of Acapulco Bay; however, its total relative abundance was significantly lower than the found for diatoms. This result coincides with [3] [4] [9] [10] . In regards to species richness in the same study area, however it disagrees with the pattern observed in other studies of phytoplankton composition from other tropical locations, in which diatoms dominate in terms of number of species [11] - [15] . The groups of phytoplankton species are considered to be accurate indicators of water masses [16] . Dinoflagellates are best adapted to oceanic environments, while diatoms to coastal ones [11] [17] . Hence, our results suggest that the environmental conditions within the bay change throughout the year given the variation of environmental parameters, as it is shown in the results of PCA.
Moreover, the environmental changes that occur in the water mass found in the bay are reflected in the characteristics of the phytoplankton community, since more than 70% of the dinoflagellates and diatoms that inhabit therein are adapted to live in both neritic and oceanic environments, i.e., adiaphoric species [11] . There was no estuarine or freshwater influence observed in the phytoplankton species composition.
Different species dominated numerically on each of the months, indicating a great variability in species composition through time. The diatom Chaetoceros sp. dominated during the raining season (September 2011), recording a great relative abundance 36.9% (Table 4) ; while its relative abundance decreased significantly in the dry season months (<10% from February to April 2011). The dinoflagellate Neoceratium balechii dominated during April 2012 with 89.52% of relative abundance, however it was only observed in this month causing a HAB, hence it was classified as an occasional dinoflagellate ( Table 4) .
The great abundance that Neoceratium tripos presented during some of the months may be attributed to the fact that dinoflagellates from genus Neoceratium (previous Ceratium) can form chains of up to four cells; at some regions of the Pacific and the Caribbean this type of chains allows them to remain floating in the photic zone [17] . In this regard, the genus Neoceratium was the most abundant and included a total of 23 dinoflagellate species, which together represented 31.9% of the total of cells within the phytoplankton community.
Community Structure
Some studies indicate that changes in the phytoplankton community structure might be related to small changes in water temperature [12] [13] or to the different strategies of the phytoplanktonic groups for nutrient absorption in the water column [18] . Hence, the greatest abundances of some of the phytoplanktonic species found during May, September, and October 2012 can be attributed to water temperatures which are significantly warmer [3] [9] sincehigh temperatures can enhance growth of some dinoflagellate populations. In addition, diatoms respond rapidly to the increase of nutrient concentration [19] , thus their growth can be faster than the found for dinoflagellates, as it occurs during the raining season. At least six of the 42 identified dinoflagellate species (Dinophysis caudata, Gonyaulax polygramma, G. spinifera, Neoceratium furca, N. fusus, and N. tripos), have been related to HABs or red tides in other Mexican localities [20] . Nevertheless, only the species Neoceratium furca and N. tripos were abundant and frequent (dominant) during the sampling months. Neoceratium tripos reached a maximun relative abundance of 27.3% in May 2012, a month after the HAB caused by Neoceratium balechii ( Table 4) .
The pattern of species distribution found in the phytoplankton community from Acapulco Bay was similar to the observed in other marine or estuarine communities, given it was structured by a low number of dominant species (seven dinoflagellates and seven diatoms), which contributed with more than 78% of the total abundance, as well as by a high number of occasional and rare species (>64%).
The total richness (82 species) recorded herein, is found within the range of the species reported for the study area [3] [9] [13] , as well as for other countries with similar environmental conditions [11] [12] [14] . However, [10] reported 641 taxa for Acapulco Bay and adjacent areas, which belonged to eight divisions of algae, where the most diverse group was Dinophyta with 347 taxa, followed by Bacillariophyta with 274 taxa. These findings were made through a decade of studies, including an intensive research with bimonthly samplings using a phytoplankton net, bottle, and observations on living samples that went from February 2010 to February 2011; in the present study, species were collected exclusively using a 150 µm plankton net. The diversity values (0.48 a 2.8 bits) are also similar to the previously found in the study area, where [3] [9] report diversity values (Shannon-Wiener index) that ranged from 1.45 to 4.06 bits, as well as to findings made in other localities of the Tropical Pacific. [11] [20] found diversity values (Shannon-Wiener index) ranging from 3.5 to 5.3 bits, while [21] recorded values from 2.5 to 4 bits. According to [22] , the analysis of several phytoplanktonic communities from different oceanographic localities in the Caribbean, African northeastern Atlantic, and the Mediterranean has provided a wide series of Shannon's diversity values which range from 2.4 to 2.6 bits. In regards to the aforementioned, the phytoplankton diversities in Acapulco Bay are equal to the mode of the most frequent diversities found in the open ocean. During April 2012, the minimum value (0.48 bits) was observed, which coincides with the occurrence of a HAB dominated by Neoceratium balechii.
The greatest diversity values recorded in February (2.62) and April (2.8) 2011 may have been found because communities were dominated only by a few species, in contrast to the rest of the months, hence, species abundances were more homogeneous (equity ≥ 0.70, Table 4 ). In addition, the low similarity values observed (Figure 1) , indicate that the species composition differed in most of the months given the environmental variability recorded through time. It is shown in the results of PCA too.
Results indicate that species abundance and composition within the phytoplankton community presented significant temporal fluctuations because of variations in the environmental conditions. In this regard, the environmental variation caused by the dry and raining seasons results in significant changes in nutrient concentration, favoring population growth of some dinoflagellate or diatom species throughout the year. The phytoplankton community proved to be an accurate indicator of environmental changes in Acapulco Bay.
